[1] Continental-scale hydrologic routing models, also known as macrohydrological routing models, have evolved considerably in the past few years. As the models have become more sophisticated, they have represented a variety of new processes and expanded their data requirements-either as input data or as validation for the model output. This paper presents a new data set of large-scale hydrological river flow routing parameters for the Amazon and Tocantins basins. Part of this data set was required by the development of the continentalscale hydrological routing model HYDRA and its application to the Amazon Basin. HYDRA represents phenomenalike floods, backwater effects, and seasonal hydrograph much more realistically than the previous generation of macrohydrological routing models. The data set contains data on (1) river network at 5-min ($9 km) resolution, (2) time series of monthly means of river discharge and river stage for 122 fluviometric stations spread throughout the basin, (3) sinuosity of each of the main rivers measured at 111 river sections in the basin, and (4) depth to the water table and transmissivity of the aquifer derived from measurements taken at 81 points throughout the basin.
Introduction
[2] The Amazon Basin is the largest watershed in the world, with an area of 6.7 M km 2 (including the Tocantins river basin). The Amazon is also the largest river of the world in discharge, alone contributing about 20% of all the fresh water transported to the oceans. The discharge of the Amazon River is five times as large as the discharge of the world's second largest river, the Zaire. Even the tributaries of the Amazon would be among the top ten rivers of the world, if they were considered separately.
[3] The Large-Scale Biosphere-Atmosphere Experiment in Amazonia (LBA) examines how changes in land cover and climate can affect the functioning of the Amazonian ecosystem. One of the science questions that LBA proposed to answer is ''what would be the response in the volume and timing of flow in the River Amazon to the changes in climate (. . .), or which may occur as a result of large-scale change in land use?'' This type of question typically will be answered with the help of climate models coupled to largescale hydrological routing models.
[4] Large-scale hydrologic routing models, also known as macrohydrological routing models, have evolved considerably in the past several years. Initial river transport models using the cell-to-cell routing methodology [e.g., Vörösmarty et al., 1989; Miller and Russell, 1992; Liston et al., 1994; Miller et al., 1994; Marengo et al., 1994; Sausen et al., 1994; Costa and Foley, 1997; Hagemann and Dümenil, 1998 ] were usually based on the conservation of mass, using an empirical linear reservoir function to transfer the water through the groundwater and channel reservoirs.
[5] New model formulations, however, may represent a process by a more sophisticated methodology or, furthermore, may represent a variety of new processes. For example, Stieglitz et al. [1997] presented an approach where the fundamental hydrologic unit is the watershed rather than the soil column. Arora and Boer [1999] use formulations for the river flow velocity that includes the geometry of the channel and simulates the stage of the river.
[6] Another example is HYDRA by Coe [2000] . The Hydrological Routing Algorithm simulates the time-varying flow and storage of water in terrestrial hydrological systems, including rivers, floodplains, wetlands, lakes, and human-made reservoirs. Rivers, lakes, wetlands, and floodplains are defined as a continuous hydrologic network in which locally derived runoff accumulates and is transported across the land surface in rivers, fills lakes and wetlands, overflows riverbanks and is eventually transported to the ocean or is evaporated from an inland water body. This model currently operates on the global scale at 5-min by 5-min latitude/longitude ($9 km at the equator) spatial resolution.
[7] The development of such models is closely associated to the availability of the required input data, as well as data for validation of the model output. HYDRA, for example, requires input data like the geometry of the riverbank and validation data can include river stage (from fluviometric stations or remote sensing) and flood extension (usually from remote sensing).
[8] In addition, the Amazon Basin hydrological system is unique. The Amazon region is mainly a very flat region, with an extensive potentially flooded area, where topographic gradients are very small, if existent at all. In this case, bidirectional exchanges of water between the flooded part of the river and the groundwater reservoir can be important. A methodology to model the bidirectional exchanges is under development and testing, requiring data on aquifer transmissivity. Finally, an accurate estimate of the total volume of water stored in the river channel requires a better knowledge of the length of the river, along with channel and riverbank geometrical characteristics.
[9] This paper presents a new data set of continentalscale hydrological river flow routing parameters for the Amazon and Tocantins basins (Figure 1) . The data set contains data on (1) river network, at 5 min ($9 km) resolution, (2) time series of monthly means of river discharge and river stage, for 122 fluviometric stations spread throughout the basin, (3) sinuosity of each of the main rivers, measured at 111 river sections in the basin, and (4) depth of the water table and transmissivity of the aquifer, derived from measurements taken at 81 points throughout the basin. The specific data sets are described in the remainder of the paper.
River Network and Basin Border
[10] Although there are several global river network data sets available [Graham et al., 1999; Renssen and Knoop, 2000; Vörösmarty et al., 2000] , and some of them have good error control techniques, they present several routing inconsistencies that are usually acceptable in a global data set, but become much more evident in regional simulations.
[11] In this section, we describe a data set of the river network of the Amazon and Tocantins river basin. The data are presented in gridded format at the resolution of 5 min of arc ($9 km). Four sources are used to assemble and validate the data set: (1) a 1:1,000,000 map of Northern South America, (2) a 1:5,000,000 hydrogeological map of South America, (3) the global river network digital data set by Graham et al. [1999] , and (4) a data set of drainage areas upstream of specific points (fluviometric stations), provided by ANEEL (the Brazilian Agency for Waters and Electrical Energy).
[12] The construction of this part of the data set required three steps: (1) determination of the basin borders, (2) determination of the river network, and (3) refinement of the river network to assure quality sinuosity data. Each of these steps is described briefly below. The final river network at 5-min resolution is presented in Figure 2 .
Determination of the Basin Borders
[13] Initially, two borders were drawn independently. The first one was digitized from a 1:5,000,000 hydrogeological map of South America, which has the borders of the Amazon and Tocantins basins marked. The second one was digitized from a 1:1,000,000 map of Northern South America [Brazil-IBGE, 1972] . This map does not show the basin borders, so it is assumed that the border would be in the middle point between nearby rivers that run into and out of the basin. Then, the two maps were overlaid and an initial version of the basin mask was obtained by careful analysis of the regions where the two borders disagreed. The final version was obtained together with the river network, to match the drainage areas of fluviometric stations, provided by ANEEL (see next step).
Determination of the River Network
[14] We started from the global river network data set by Graham et al. [1999] , which had only the directions of the largest Amazon Basin rivers (e.g., the Amazon main stem, the Negro, the Madeira, etc.) properly geolocated, and the rest of the river network derived from a Digital Elevation Model. This data set was cropped using the initial version of the basin mask obtained in the previous step. After that, we digitized hundreds of smaller river sections in the Amazon and Tocantins basins from a 1:1,000,000 map of Northern South America, ensuring their proper geolocation. In an iterative procedure, part of the river network was modified to adjust the internal subbasin borders to match the drainage areas of 122 fluviometric stations, provided by ANEEL (Table 1) . Some external borders were changed in this process too. After 17 iterations, we considered that the river network data set had acceptable quality, using the criteria that the drainage area determined using the river network data set would be within 5% of the drainage area reported by the ANEEL data set, for 122 stations spread throughout the basin (Table 1 and Figure 3 ). The only exception happened in station 32 (Aripuanã River at Prainha), with an error of À8.1%. In this case, we believe there is either an error in the ANEEL estimate of the drainage area or in the IBGE map we used, since it is impossible to reconcile the differences between them.
Refinement of the River Network to Assure Quality Sinuosity Data
[15] Finally, careful checking during the measurements of sinuosity ensures the accuracy of the river directions (see also section 4).
[16] Despite the careful procedure, there are some regions of the basin like the lower Negro River, where the river network data set is uncertain. Such regions are usually flat and flooded most of the year, making it difficult to define the direction of the river flow. Besides, those regions do not have ANEEL stations to be used as checkpoints.
River Discharge and River Stage
[17] Discharge data at specific checkpoints have been used to validate land-surface and atmospheric general circulation models. Most macrohydrological modeling studies so far in the Amazon Basin have used only a few stations to validate the discharge, with the exception of the study by Costa and Foley [1997] , who used 56 stations, all of them with a drainage area greater than 30,000 km 2 . Models now are using much finer resolution than previously, so we decided to expand the number of checkpoints to 122 stations, including stations with a much smaller drainage area. Considering that some current models simulate the height of water in the rivers, we also included data of river stage for model validation. The list of stations with discharge and stage data is provided in Table 1 .
[18] The original daily river discharge and stage data set was obtained from ANEEL, the Brazilian National Agency for Waters and Electrical Energy. We present here a processed version of the original data, providing time series of monthly means only. Figure 4 shows a sample of time series of monthly mean river discharge for some stations.
Sinuosity
[19] In this section, we describe a data set of the sinuosity of the rivers of the Amazon and Tocantins basins. The sinuosity, sometimes called the meander ratio, is the ratio between the actual length of the river (measured on a map) and the length of the river as represented in the data set.
[20] The actual length of 111 sections of Amazonian rivers was measured on a 1:1,000,000 map of northern South America using a curvimeter (with three repetitions) and was then divided by the length of the same path in the data set. During the measurement, the river network data set was revised, so that the data set resembles the actual path of these river sections in the best possible way for a resolution of 5 0 .
[21] Assuming the fluvial geomorphologic processes were the same, the sinuosity measured for the main channel in the section is extrapolated to the tributaries in that subbasin. The sinuosity of the grid cells near the mouth of the Amazon River, downstream of the last measurements, was set to 1.00 (see also the methodology section of the river network data set).
[22] Sinuosity is a basin property that, when represented in a gridded framework, varies strongly according to the grid resolution. As the resolution increases, the actual path of the river tends to be represented more realistically by the river network data set, and the sinuosity tends to the value of 1.0. However, an analysis of Figure 5 shows that, even at the 5-min resolution, the sinuosity of the river can be as high as 2.3, in the area of the Purus and Juruá rivers. Rivers in those areas have meanders that are typically smaller than the dimensions of a grid cell (9 km).
[23] Several authors [Vörösmarty et al., 1989; Costa and Foley, 1997; Oki, 1997; have used sinuosity values between 1.1 and 1.8 for the Amazon Basin rivers, in grids with resolution varying between 0.5°and 2.0°. Our measurements actually show that, in parts of the Amazon Basin, even at a 5 0 resolution, the meander ratio is much higher than the former estimates. Use of underestimated sinuosity parameters can introduce errors on the timing of the simulated river seasonal hydrograph and on the simulated amount of water stored in the river channel.
[24] In Figure 5 , one can also notice that, in parts of the basin, the sinuosity assumes values that are smaller than the unity. Figure 6 shows schematically why this can happen. The cell-to-cell routing method assumes that the smallest river section is a straight line from the center of a grid cell to the center of the next grid cell. It is possible then that the actual river go through some grid cells without passing through their center.
Groundwater
[25] With a few exceptions, groundwater flow in macroscale hydrological models has been simulated in a very simple way, using, in most of the cases, a simple linear reservoir model. In these cases, the groundwater flow depends on an empirical constant, the residence time of the water in the groundwater pool. More advanced models, under development and testing, require the knowledge of the transmissivity of the surface aquifer. In addition, the depth of the water table has been used either in soil column models to parameterize the upward flow in the soil through capillarity or in integrated large-scale groundwater flow models, that include vertical and horizontal flow in the soil [Abramopoulos et al., 1988; Stieglitz et al., 1997] .
[26] Measurements of the specific capacity of the aquifer and depth of the water table, collected at 81 wells spread throughout the Amazon Basin ( Figure 7 and Table 2), were digitized from a 1:5,000,000 hydrogeological map of South America [Brazil-DNPM/UNESCO, 1996] . The measurements were interpolated using a Geographical Information System, producing maps of the depth of the water table (Figure 8 ) and of specific capacity (not shown). The specific capacity is then transformed into the aquifer transmissivity where T is the aquifer transmissivity (m 2 /day) and S is the specific capacity of the aquifer (m 2 /day). Figure 9 shows the spatial distribution of the aquifer transmissivity.
[27] Obviously, the density of data collection points for the groundwater characteristics is too low. The spatial variability of the aquifer properties above must be much higher than what is shown in Figures 8 and 9 . In addition, these are single measurements taken in a single day, which do not reflect seasonal and interannual variability of the depth of the water table. However, we consider this a first approximation of a data set required by a more physically based model of groundwater flow.
[28] In most of the basin, the water table is 5 -15 m below the surface (Figure 8 ). In the upper parts of the basin, like in the Andes and in eastern border of the basin, the water table is usually deeper, sometimes reaching more than 30 m below the surface level. The water table is above the surface level in the southwest part of the basin, in a wetland area known as Llanos de Mojos, Bolivia.
[29] The aquifer transmissivity is a measure of the amount of water that can be transmitted horizontally through a unit width by a full-saturated thickness of the aquifer under a hydraulic gradient of 1 [Fetter, 1994, pp. 115] . For horizontal flow in an aquifer, it is usually a more useful parameter than the horizontal hydraulic conductivity. In the Amazon Basin, there is low correlation (r = 0.14) between the depth of the water table and the aquifer transmissivity. However, we find that the aquifers in the Andes and in the eastern border of the basin have higher transmissivity than in the rest of the basin.
Summary and Conclusions
[30] A data set of river network, river sinuosity, and groundwater properties is presented for the Amazon and Tocantins basins, at the resolution of 5 min. Time series of river discharge and river stage, for 122 stations throughout the basin complete the data set. The data will be useful for implementing river routing schemes and further types of models that are based on river routing, such as sediment transport and river chemistry models. Applications of these models include macroscale hydrological studies and validation of climate models, in the context of the Amazon Basin.
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[32] Note: The macrohydrological data set is available through anonymous ftp at ftp://ftp.ufv.br/dea/macrohydr and at http://www.sage.wisc.edu/datamodels.html. Figure 5 . Sinuosity of the river sections in the Amazon Basin. It is assumed here that the geomorphologic processes within the same section are the same, and the sinuosity of the tributaries of that section is the same as the sinuosity of the main river in that section. 
